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Infectious bursal disease (IBD) is a highly contagious disease of chickens which leads to immunosup-
pression. In our previous study it was demonstrated that, possibly, CD4þ and CD8þ T cells may employ
perforin and granzyme-A pathway for the clearance of IBDV-infected bursal cells. In this study, we
evaluated the cytotoxic T cell responses involving two independently functioning but complementary
mechanisms: Fas–Fas ligand and perforin–granzyme pathways in IBDV-infected chickens. As demon-
strated previously, infection of chickens with IBDV was accompanied by inﬂux of CD8þ T cells in the
bursa and spleen. There was an upregulation in the gene expression of cytolytic molecules: Fas and Fas
ligand (FasL), perforin (PFN) and granzyme-A (Gzm-A) in bursal and in the splenic tissues of IBDV
inoculated chickens. Additionally, for the ﬁrst time, we detected Fas, Fas ligand, Caspase-3 and PFN
producing CD8þ T cells in the bursa and spleen of IBDV-infected chickens. The inﬁltration and
activation of CD8þ T cells was substantiated by the detection of Th1 cytokine, IFN-g. These data suggest
that T cells may be involved in the clearance of virus from the target organ bursa and peripheral tissues
such as spleen. The ﬁndings of these studies provide new insights into the pathogenesis of IBD and
provide mechanistic evidence that the cytotoxic T cells may act through both Fas–FasL and perforin–
granzyme pathways in mediating the clearance of virus-infected cells.
Published by Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
Poultry producers around the globe suffer signiﬁcant economic
losses inﬂicted by infectious bursal disease (IBD), which is a
highly immunosuppressive viral disease of chickens. The IBD
virus (IBDV) belongs to the family Birnaviridae and has a poly-
ploid, bisegmented genome which enables the virus to reassort
under ﬁeld conditions [19]. The virus has predilection for lym-
phoid tissues especially the bursa of Fabricius (BF). IBDV antigens
can also be detected in spleen, kidney, thymus and lungs [38,39].
The BF becomes atrophic upon depletion of B cells during the
acute phase of the disease which lasts for about 7–10 days [35].
T cells promptly inﬁltrate the bursa starting at an early stage of
virus infection [42]. Colocalization of T cells with replicating virusctious Bursal Disease Virus,
Ls; Granzyme, Gzm; Gamma
s, PIDs; Tumor Necrosis
search Program, Ohio
Ohio State University,
.: þ1 330 263 3743;
x: þ1 330 263 3677.
saif.1@osu.edu (Y.M. Saif).
r CC BY-NC-ND license.suggested that T cells may be involved in the host defense.
Although IBDV infection is controlled by antibody response,
various studies have indicated T cell contribution in mediating
protection against IBDV [29,49].
Cytotoxic T cells exert antiviral functions via two principal
mechanisms: a non cytolytic pathway through the secretion of
antiviral cytokines such as gamma interferon (IFN-g) and tumor
necrosis factor alpha and a cytolytic pathway through the use of
perforin–granzyme molecules or Fas and FasL interactions
[7,12,13,20,30,32]. Interactions between Fas on target infected
cells and FasL on effector T cells lead to cytolysis via the activation
of a death domain and a caspase apoptosis cascade [15,22].
The Fas/FasL pathway uses a coordinated ligand which is able
to lyse Fas receptor bearing-cells [18]. The Fas/FasL coordination
transmits apoptotic signals from the surrounding milieu into the
cell. Both Fas and FasL belong to the tumor necrosis factor (TNF)
family and each contains a single transmembrane domain [11,41].
The binding of FasL with Fas instigates receptor oligomerization,
which engages Fas-associated death domain (FADD) [3]. The
FADD binds procaspase-8 and allows activation of caspase-8
through self-cleavage [21]. Caspase-8 activates the effector cas-
pases, which assign the cell to the controlled process of apoptosis
[1]. Disruption of either the perforin or Fas–FasL cytolytic path-
ways adversely affected the control of several viral infections
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hepatitis, and Theiler’s viruses [13,24,31,37].
Previously we have shown the gene expression of PFN, Gzm-A
and molecules involved in DNA repair and apoptosis and the
presence of PFN producing CD4þ and CD8þ T cells in IBDV-
infected bursa [27]. The goal of this study was to examine the
activation of Fas–FasL pathway in the bursa and cytotoxic T
responses in the spleen. Here we show the inﬁltration of CD8þ
T cells and detection of Fas, FasL, caspase-3 and PFN positive cells
and gene expression of Fas, FasL, PFN, Gzm-A, and IFN-g genes in
bursal and splenic tissues of IBDV infected chickens. These data
indicate that activated T cells may be involved in antiviral
immunity and mediation of virus clearance from the bursa and
spleen of IBDV-infected chickens. The ﬁndings of this study will
help in understanding the role of T cells in the pathogenesis of IBD
and designing effective control strategies against this immuno-
suppressive viral disease of chickens.Fig. 1. IBDV antigen detection by immunocytochemical staining in virus-infected
bursa and spleen. SPF chickens were inoculated with 104EID50 of cIBDV; bursa and
spleen tissues were collected at PIDs 3, 5 and 7. Bursal (A) and spleen (B) sections
from virus-free chickens and cIBDV-infected chickens were examined (40 ) for
the presence of IBDV antigen by immunohistochemistry at PID 5.2. Material and methods
The chicken experiment protocols (08-Ag-0029) were
approved by the Animal Care and Use Committee of The Ohio
State University.
2.1. Chickens and virus
Speciﬁc pathogen free (SPF) chicken eggs were incubated and
hatched at The Ohio Agriculture Research and Development
Center, The Ohio State University. The chickens were kept in a
disease containment building that had rooms supplied with HEPA
ﬁlter intake and exhaust air. At 3-weeks of age chickens were
transferred to hard sided isolators supplied with HEPA ﬁlters for
intake and exhaust air. The classical IBDV STC strain (cIBDV) [27]
maintained in our laboratory was used to inoculate chickens.
2.2. Experimental design
Forty-eight 3 week-old chickens were allotted into 2 groups;
12 chickens were used as virus free controls and 36 chickens were
inoculated intraocularly each with 104 embryo infectious dose50
(EID50)/200 ml of IBDV [27]. Twelve chickens were used as a virus
free control group. At post inoculation days (PIDs) 3, 5 and 7,
twelve chickens from the virus infected group and 4 chickens
from the virus free group were euthanized; bursal and splenic
tissues were collected. Bursa and spleen were examined for IBDV
antigen presence and mononuclear cells were isolated and quan-
tiﬁed for relative gene expression of Fas, FasL, PFN, Gzm-A, and
IFN-g by quantitative RT-PCR (qRT-PCR). In addition CD8þ T cells,
Fas, FasL, caspase-3 and PFN positive cells were examined by
immunohistochemistry.
2.3. Isolation of bursal and splenic mononuclear cells
Twelve individual bursa and spleens samples, collected at each
PID were allotted into 4 pools of three bursa and spleens each
from infected chickens. Bursa and spleens were also collected
from 4 virus-free control chickens at each PID. Mononuclear cells
were isolated from the bursal and splenic tissues as previously
described [14,26,27]. The mononuclear cell suspensions were
prepared from bursal and splenic tissues by density gradient
centrifugation over Ficoll-Hypaque having a gradient density of
1.077 (GE Healthcare Bio-Sciences, Uppsala, Sweden), and washed
twice in cold RPMI 1640 (Gibco, Carlsbad). The cell pellet was
lysed by adding Trizol reagent (Invitrogen, Carlsbad, CA) and
stored at 70 1C for RNA extraction.2.4. RNA extraction and qRT-PCR
Total RNA from bursal and splenic mononuclear cells of IBDV-
infected and virus free control chickens was extracted using the
Trizol reagent (Invitrogen, Carlsbad, CA) following the manufac-
turer’s instructions. qRT-PCR was used to examine the gene expres-
sion of Fas, FasL, PFN, Gzm-A, and IFN-g gene using previously
published gene speciﬁc primers [5,9,27,34]. qRT-PCR was performed
using Power SYBER Green RNA—to-CT one step RT-PCR kit (Applied
Bio System, Foster City, CA). Ampliﬁcation and detection were
performed in an automated 7500 Real time RT-PCR system (Applied
Bio System, Foster city, CA) as described previously [14,27].
Quantitation of the mRNA was determined by the comparative
cycle threshold (CT) method as previously described [6,14,27].2.5. Detection of CD8þ T cells, Fas/FasL, caspase-3 and PFN in
IBDV-infected bursal and splenic tissues by immunohistochemistry
The IBDV antigen, CD8þ T cells, Fas, FasL, PFN and caspase-3 were
detected in frozen sections of virus-free and IBDV-infected bursal and
splenic tissues by immunohistochemistry as described previously
[2,27]. The primary and secondary antibodies used for the detection
of IBDV antigen were R-63 anti-IBDV monoclonal antibody (ATCC,
Manassas, VA, USA) and biotinylated goat anti-mouse IgG (HþL)
1:500 dilution (Vector laboratories, Burlingame, CA). The primary and
secondary antibodies used for the detection of CD8þ T cells were:
mouse anti-chicken CD8a at 1:200 dilutions (Southern Biotech,
Birmingham, AL, USA) and biotinylated goat anti-mouse IgG (HþL)
1:500 dilution (Vector laboratories, Burlingame, CA). The primary and
secondary antibodies used for the detection of Fas and FasL were:
Mouse Anti-Human CD95 (Fas/Apo-1, clone DX-2) and Mouse Anti-
Human Fas Ligand (Southern Biotech, Birmingham, AL, USA) at 1:100
and 1:200 dilutions respectively. The secondary antibody used for
detection of Fas/FasL was biotinylated goat anti-mouse IgG (HþL) at
1:500 dilution (Vector laboratories, Burlingame, CA). After washing,
the sections were incubated with ABC reagent (Vector laboratories,
Burlingame, CA) for 30 min. The primary and secondary antibodies
used for the detection of activated caspase-3 were: cleaved caspase-3
A. Rauf et al. / Results in Immunology 2 (2012) 112–119114rabbit monoclonal antibody (1:200) (Cell Signaling Technologies, Inc.,
Danvers, MA, USA) and goat polyclonal anti rabbit IgG (HþL)–HRP at
1:1000 dilutions (Abcam Inc.; Cambridge, MA, USA). The primary and
secondary antibodies used for the detection of PFN were: polyclonal
rabbit anti-human PFN antibody (1:50) (BioVision Research Products,
CA, USA) and goat polyclonal anti rabbit IgG (HþL)–HRP at 1:1000
dilutions (Abcam Inc.; Cambridge, MA, USA). The reaction was
developed with 3-30diaminobenzidine (DAB) substrate. The develop-
ment of dark brown color indicates positive staining for CD8þ T cells,
Fas/FasL, caspase-3 and PFN positives cells. The immunostained
sections were evaluated using Olympus 170 microscope (Olympus
Optical Co., Ltd., Tokyo, Japan). The number of CD8þ T cells, Fas/FasL,
PFN and caspase-3 positive cells were counted as previouslyFig. 2. Relative gene expression of cytolytic molecules, PFN, Gzm-A, Fas and FasL m
mononuclear cells were isolated from cIBDV-infected and virus-free control chickens and
in splenic cells and (E) and (F) in bursal mononuclear cells. Results are shown as transcrip
fold change expression in infected chickens over virus-free control. The values represendescribed [27,28]. Brieﬂy bursal and spleens sections from virus-free
chickens and cIBDV-infected chickens were examined for the inﬁltra-
tion of CD8þ T cells and cytotoxic T cells mediators: Fas, FasL,
Perforin and Caspase-3 by immunocytochemistry. Each immunos-
tained section was examined at (20 ) in blind manner given positive
cells count based on T cell inﬁltration in tissues (1: 1–25%; 2: 26–50%;
3: 51–75%; 4: 76–100). The group means of the numbers of T cells
and PFN-positive cells were determined per microscopic ﬁelds, at a
magniﬁcation of 20 after counting 5 ﬁelds/bursa and or spleen/
bird.
Additionally, Fas, PFN producing CD8þ T cells and viral antigen
and caspase-3 combination were detected in the bursal and
splenic tissues by double staining [2,27]. In double staining,RNA in IBDV-infected spleen and bursa. At PIDs 3, 5 and 7, splenic and bursal
examined for (A) PFN, (B) Gzm-A (C) Fas and (D) FasL gene expression by qRT-PCR
tion of the target gene relative to housekeeping gene 28S. The data are expressed as
t the mean7SEM of 4 pools of 3 spleens and bursa each at designated PID.
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color) and CD8þ T cells and viral antigen staining was developed by
incubating the sections with commercial Vector-SG peroxidase
substrate kit (gray blue color) (Vector laboratories, Burlingame, CA).3. Results
3.1. Detection of IBDV genome and antigen
The IBDV infection was conﬁrmed by gross bursal and splenic
lesions at necropsy (PIDs 3, 5 and 7) and by detection of IBDV
antigen at PID 5 in the bursal and splenic tissues (Fig. 1).
3.2. Expression of PFN, Gzm-A, Fas, FasL and IFN-g genes in bursa
and spleen
Previously we have shown the expression of PFN and Gzm-A in
IBDV infected bursa [27]. The relative gene expression of PFN,
Gzm-A, Fas and FasL in bursal and splenic mononuclear cells was
detected by qRT-PCR. Expression of PFN in splenic cells was
downregulated early in the infection at PID 3 and upregulated
at 5 and 7 PID (Fig. 2A). Consistent with PFN expression Gzm-A
was also downregulated at PID 3 in splenic cells. It was at peak
upregulated level at PID 5 and at lesser upregulated level at PID
7 in splenic cells (Fig. 2B). In contrast, Fas gene expression was at
peak upregulation at PID 3, downregulated at PID 5 and upregu-
lated at PID 7 in splenic cells (Fig. 2C). FasL gene expression wasFig. 3. Inﬁltration of CD8þ T cells in the spleen. Three-week-old chickens were
inoculated with IBDV and frozen sections of spleen tissues were prepared. At PIDs
3, 5 and 7 spleen sections from virus free chickens (a, b, and c) and IBDV-infected
chickens (d, e, and f) were examined (40 ) for the presence of CD8þ T cells by
immunohistochemistry using anti-chicken CD8þ mAb. Brown color shown by
arrow indicates the positive staining.upregulated at all PIDs in splenic cells (Fig. 2D). The Fas/FasL gene
expression was upregulated at all PIDs in bursal tissues of IBDV-
infected chickens (Fig. 2E and F).
Activation of inﬁltrating T cells in bursa and spleen was
examined by detecting the expression of IFN-g in bursal and
splenic cells by qRT-PCR. The IFN-g expression in bursal cells was
in accordance with our previous ﬁnding [27]. An increased
relative expression of IFN-g in IBDV-infected spleen cells was
noted. The accumulation of IFN-g mRNA was detectable at PID 3
(3.0771.17 fold) which further increased at PID 5 to 7.5172.86
fold. At PID 7, spleen cells from IBDV-inoculated chickens had
approximately 9-fold (8.4272.1 fold) higher levels of IFN-g
mRNA than spleen cells from control birds.Fig. 4. Detection of PFN producing CD8þ T cells in spleen. (A) Chickens were
inoculated with IBDV and spleen tissues were collected at 3, 5 and 7 PID. Spleen
sections from virus free chickens (a, b and c) and IBDV-infected chickens (d, e, and
f) were examined (40 ) for the presence of PFN by immunohistochemistry using
anti-human PFN mAb. Development of brown color shown by arrow indicates
positive staining for PFN. (B) Double staining for CD8þ cells, positive for PFN; blue
staining shown by arrow represents CD8þ positive T cells and brown staining
represented black arrow head shows PFN positive cells and white arrow head
shows double positive cells respectively.
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infected bursal and splenic tissue sections by immunohistochemistry
The CD8þ T cells and PFN positive cells in the spleen (Figs. 3
and 4A) and Fas positive cells (Fig. 5A–B), FasL positive cells
(Fig. 6A–B) and caspase-3 positive cells (Fig. 7A–B), were detected
both in splenic and bursal tissues of IBDV-infected chickens by
immunohistochemistry at PIDs 3, 5 and 7. The relative inﬁltration
and accumulation of each cell type is shown in Table 1A and B.
Caspase and both Fas/FasL inﬁltration was signiﬁcantly different
in cIBDV-infected chickens bursa as compared with control bursa.
Peak inﬁltration was noted for FasL (3.3370.61) and caspase-3
(2.770.23) at PID 5 whereas accumulation of Fas protein was
slightly higher (2.9370.64) at PID 3 (Table 1A). Similarly the Fas/
FasL and caspase-3 inﬁltration was signiﬁcantly higher in cIBDV-
infected chickens splenic tissues at all PIDs. The Fas/FasL inﬁltra-
tion was at peak (3.770.11) and (3.4670.5) at PID 5. Caspase
3 inﬁltration was also at peak (3.4670.5) at PID 5.
Additionally we detected the colocalization of CD8þ T cells
and Fas positive cells and caspase and IBDV antigen by double
staining in IBDV-infected bursal and splenic tissues (Fig. 5C–D)
and (Fig. 7C–D) respectively.4. Discussion
The effective containment and clearance of virus-infected cells
from invading pathogens require synchronized collaboration
between effector lymphocytes [45]. There are two speciﬁc, cytotoxicFig. 5. Detection of Fas positive cells in bursa and spleen (A, B). Chickens were inoculat
spleen sections from virus free chickens (a, b and c) and IBDV-infected chickens (d, e, an
anti-human Fas mAb. Development of brown color shown by arrow indicates positive st
by immunohistochemistry for the colocalization of CD8þ T cells and Fas positive cells. B
represented by black arrow head shows Fas positive cells, whereas white arrow headmechanisms, that are functional in cytotoxic T lymphocytes (CTLs),
one is based on cytolytic secretions of proteins (perforin and
granzymes) and the other depends on cell surface ligand receptor
(Fas/FasL) communications [18]. In a previous study we demon-
strated that CD4þ and CD8þ T cells may be utilizing perforin and
granzyme-A pathway to clear IBDV-infected bursal cells [27]. In this
study, we report for the ﬁrst time that, in addition to PFN and
granzyme pathway, Fas/FasL pathway may also be activated in IBDV
infected chickens. We for the ﬁrst time, concurrently demonstrated
the upregulated gene expression and detection of cytolytic mole-
cules Fas, FasL, caspase-3, PFN and Gzm-A in the bursal and splenic
tissues in IBDV-infected chickens. Extensive inﬁltration of CD8þ T
cells in the bursal and splenic tissues of IBDV-infected chickens was
also detected.
Cytotoxic T lymphocytes (CTLs) are the key players in the
induction of immune response against virus-infected or trans-
formed cells. The killing activity by cytotoxic cells of the target
cells is achieved by releasing a membrane-disrupting protein
known as perforin (PFN) and granzymes (Gzms) secretion by
exocytosis which provoke apoptosis of the target cells [40,45].
The granule-exocytosis pathway activates cell death through
either caspase-dependent i.e. Fas/FasL or caspase-independent
pathways i.e. PFN and Gzms pathway [33,44,45]. The Fas/FasL
mechanism of cell cytotoxicity functions independent of PFN and
requires the involvement of Fas ligand, which initiates the
caspase-dependent pathway of apoptosis [23,46].
To understand the mechanisms underlying T cell mediated
virus clearance from the bursal and peripheral tissues of IBDV-
infected chickens, we examined the two complimentary cytolyticed with IBDV; bursa and spleen tissues were collected. At 3, 5 and 7 PID, bursa and
d f) were examined (40 ) for the presence of Fas by immunohistochemistry using
aining for Fas protein. Bursal and splenic tissue sections (C, D) were double stained
lue staining shown by arrow represents CD8þ positive T cells and brown staining
shows colocalization of CD8þ T cells and Fas positive cells respectively.
Fig. 6. Detection of FasL in bursa and spleen (A-B). Chickens were inoculated with IBDV; bursa and spleen tissues were collected. At 3, 5 and 7 PID, bursa and spleen
sections from virus free chickens (a, b and c) and IBDV-infected chickens (d, e, and f) were examined (40X) for the presence of FasL by immunohistochemistry using anti-
human FasL mAb. Development of brown color shown by arrow indicates positive staining for FasL. Bursal and splenic tissue sections (C-D) were double stained by
immunohistochemistry for the detection of CD8+ T cells and FasL double positive cells. Blue staining shown by arrow represents CD8+ positive T cells and blue/brown
staining represented by white arrow head shows CD8+/FasL double positive cells.
Fig. 7. Detection of cleaved caspase-3 in bursa and spleen (A-B). Chickens were inoculated with IBDV; bursa and spleen tissues were collected. At 3, 5 and 7 PID, bursa and
spleen sections from virus free chickens (a, b and c) and IBDV-infected chickens (d, e, and f) were examined (40X) for the presence of activated cleaved caspase-3 by
immunohistochemistry using antihuman cleaved caspase-3mAb. Development of brown color shown by arrow indicates positive staining for cleaved caspase-3. Bursal and
splenic tissue sections (C-D) were double stained by immunohistochemistry using cleaved caspase-3 and anti-IBDV R63 monoclonal antibodies. Blue staining shown by
arrow represents IBDV antigen positive cells and brown staining represented by black arrow head shows caspase positive cells.
A. Rauf et al. / Results in Immunology 2 (2012) 112–119 117
Table 1
Detection and quantiﬁcation of CD8þ T cells and cytotoxic T cells mediators: Fas, FasL, perforin and cleaved caspase-3 by immunohistochemistry in IBDV-infected
chickens.





Mean score of cell type 
detected /five fields/bird 
 Mean score of cell type 
detected /five fields/bird 
 Mean score of cell type 
detected /five fields/bird 
Fas-IBDV-Infected 2.93*± 0.64 2.46*± 0.41 1.53*± 0.46 
Fas-Virus Free control 0.33 ± 0.57 0.33 ± 0.57 0.33 ± 0.57 
FasL-IBDV-Infected 2.26*± 0.11 3.33*± 0.61 3.2*± 0.69 
FasL-Virus Free control 0.33 ± 0.57 0.33 ± 0.57 0.33 ± 0.57 
Caspase-3 IBDV-Infected 2.6*± 0.4 2.7*± 0.23 2.26*± 0.30 
Caspase-3 Virus Free control 0.73 ± 0.30 0.33 ± 0.57 0.33 ± 0.57 
 
(B) 
Fas-IBDV-Infected 3.2*± 0.34 3.7*± 0.11 2.33*± 0.30 
Fas-virus free control 1.13 ± 0.23 1.2 ± 0.2 1.26 ± 0.11 
FasL-IBDV-infected 3.26*± 0.50 3.46*± 0.50 2.66*± 0.30 
FasL-virus free control 1.4 ± 0.2 1.26 ± 0.11 1.26 ± 0.11 
Caspase-3 IBDV-infected 3.26*± 0.50 3.46*± 0.50 2.66*± 0.30 
Caspase-3 virus free control 1.4 ± 0.2 1.26 ± 0.11 1.26 ± 0.11 
CD8+ T cells-IBDV-infected 3.8*± 0.2 3.8*± 0.2 3.9*± 0.11 
CD8+ T cells-virus free control 1.73 ± 0.41 1.93 ± 0.30 1.6± 0.52 
Pfn-IBDV-infected 2.00*± 0.2 1.73*± 0.11 1.73*± 0.11 
Pfn virus free control 0.33 ± 0.57 0.33 ± 0.57 0.33 ± 0.57 
Foot notes. Three weeks old SPF chickens were inoculated with 104EID50 of cIBDV. Bursa and spleen tissues were collected at PIDs 3, 5 and 7. Bursal and spleens sections
from virus-free chickens and cIBDV-infected chickens were examined for the detection of CD8þ T cells and cytotoxic T cells mediators: Fas, FasL, Perforin and cleaved
caspase-3 by immunocytochemistry. Each immunostained section was examined (20 ) and given positive cells count based on each cell type (Scores of positive cells/
ﬁeld: 1¼1–25%; 2¼26–50%; 3¼51–75%; 4¼76–100%). Student’s t-test was used to detect signiﬁcant differences between virus free control and IBDV-infected chickens.
The values represent the mean 7SEM of 5 ﬁelds/bursa and/or spleen/chicken on designated PID (3, 5 and 7). * indicates statistically signiﬁcant differences between virus
free control and IBDV-infected groups (po0.05).
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Gzm-A pathway in the bursal and splenic cells of IBDV-infected
chickens. The FasL and cell death receptor Fas were upregulated
both in bursal and splenic cells. We also detected the Fas, FasL and
cleaved caspase-3 proteins in the bursal and splenic cells of IBDV
infected-chickens. FasL is normally expressed and upregulated on
activated T cells. The FasL binding to Fas have direct antiviral
effects by inducing apoptosis of infected target cells [22]. Fas/FasL
can activate the caspase family, especially caspase 3 and caspase
8, after combining with a homologous ligand and lead to apop-
tosis [17]. In our study, beside caspase gene expression caspase-3
accumulation was signiﬁcantly higher in IBDV infected chickens,
also indicating the Fas/FasL mediated clearance of IBDV infected
cells. Fas/FasL mediated apoptosis/clearance of virus infected cells
has been reported in several human viral infection including
Dengue Virus, Inﬂuenza virus, HIV infection, and Herpes Simplex
Virus [10,17,25,48]. Similar to these viruses, it is likely that Fas/
FasL mediated pathway is involved in the CD8þ T cells mediated
clearance of IBDV-infected cells.
In our previous study, we demonstrated the PFN and Gzm-A
gene expression in bursal tissues of IBDV infected chickens [27].
In this study, we detected higher expression of cytolytic proteins
Gzm-A and PFN in splenic cells and PFN producing CD8þ T cells
indicating the involvement of PFN and Gzms mediated cytotoxic
mechanisms for the clearance of IBDV infected splenic cells which
are in accordance with our previous ﬁndings. In PFN and Gzm-A
pathway cytotoxic T cells kill virus-infected cells through the
release of lytic proteins mainly PFN and Gzms that are secreted
via exocytosis of pre-formed granules following recognition of
infected targets [8,16]. In several human viral infections including
poliovirus infection, herpes simplex and West Nile virus infection,
CTLs clear the virus infection via PFN mediated cytotoxic pathway
[4,36,47].
The convergence of Fas/FasL mechanism and PFN and Gzm-A
pathway for the induction of apoptosis has been reported in the
clearance of lymphocytic choriomeningitis virus infection [18]inﬂuenza virus infection [43] and west Nile virus infection [37].
In choriomeningitis virus infection both perforin and FasL medi-
tated cytotoxicity was required for the successful elimination of
virus infected cells. Either perforin-deﬁcient or FasL-deﬁcient
cytotoxic T-cells showed impaired lytic activity on target cells.
The killing activity by CTLs was completely eliminated when both
pathways were inactivated by using target cells from Fas-deﬁ-
cient mice and perforin free effector CTLs [18]. These ﬁndings
strongly support our data and indicate that CD8þ T cells may be
utilizing both perforin and FasL pathways for the elimination of
IBDV-infected cells.
In summary, in this study, we demonstrated the gene expres-
sion of cytolytic molecules Fas, FasL, caspase-3 and PFN and the
inﬁltration of CD8þ T cells in bursal and splenic tissues of IBDV
infected chickens. Combining these data with our previous results
[27], we conclude that CD8þ T cells may be using Fas/FasL and/or
PFN-Gzm-A cytolytic pathways to clear IBDV virus in infected
chickens. A more complete understanding of the effector mechan-
isms responsible for the T-cell clearance of IBDV infections may
provide platform for the development of novel vaccines that
stimulate a robust cell-mediated immune responses in addition
to an antibody response.Acknowledgments
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